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(54) SYSTEM USING SECONDARY CELLS 

(57) In the system using secondary cells comprising 
at least one of a heat source, power, controlling circuit, 
driving circuit, LSI, IC and display element of a capacity 
of 0.5 to 50 kWh. wherein at least one of the cells of the 
secondary battery is capable of 15 minutes or more at 
580 W A or more. 
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Description 

Technical Field 



Background Art 



£K^2SS^ for *"* «~ * — as persona, 

mobile communicmions^wir^Sni r f ' ^ stora 9 e s^ 6 "*- Characteristics necessary for 

nications (inforSn " JmSate SS ^ /iSf 6 inC,udinQ P" — mobile commS- 

cator) are low power SSStaTXlJX SET* i^" 31 '" te " i9ent com ™ ni «"°' or hand held communi- 
perforrmnceof^eSnS^c^ S^ We and """Nation. But. the 

of the liquid crystal display pane^ £ £2££l2£!" ""Jf" consum P tion of electri <> Power of the back light 
despite of 8 hours ch^ETnE? Ee tcdSTt ?£ ^^^^ time of the cell is only 8 hours or less, 
exhibited. " 6 aCtUa ' Stete 15 * at 1,16 funct,on as a ^bile computing cannot be sufficiently 

*b?£E^ 

need for a long charge time of 6 to 8 - e ' e *!° Ven,des such as diffi ^ of high speed driving, the 

caused by insuLent^mante J acceleration, etc. These problems are 
realizes the high reliabiMty, the high '.SwSZSE 2l ?°- P?*rmanee of the secondary cell is the key that 
The secondarv rln^r Vk» 7 6 "^-""^rtunartion of the electric vehicle system for 21 st centurv 

^J^J^^T^T^^^ *! S r C6 ,ife 01 * ™ ^rglng^be 

consumers is strong There are nk£ ISi 6 ™* requirement for 1,16 ,ar 9e enemy capacity by 

which have been uSder £££S kESSSLT!?"!! ST"" and " thium SeCOndary ce " as a secondary cell 
main component is amSStoJl t^«T' n,cke, - metaI batt enes. negative electrodes whose 

changeabHity wrth VeSSSSim T* 9 * ^ ^ nicke| - metal "^ride batteries can have inter- 

expeSed tol^Z^^^C^ * ** ^ ^ etc. and it is 

0*££E£^ 

of petroleum resources 2£ffiZ££S ££ T f^ 6 ' 31 ™ for *• environment such as shortage 
power consumption. KSSlSffS ^it^^^f Ca ^°" ^ ^ ,eve ' in9 ° f the e,ectric 

■^SSa.^ charge^hara^cs that indicate how 

charge like the e.ec!nc ^SSS^S^XSS^^ * ** needs * e ^ dis " 

istic is insufficient, the ^^SlSSS SjSl* 0 ' 1,16 ^ CTO,t diSCharge 

tory tosome^enT Sl^SSSSS^ST- £ 7" ^ ^ ^ * cha ^ ^eristics axe satisfac- 
insufficient. Ui^*££2£2££ T and lithium secondar y batteries are 

methods have been « ^scharge characteristics of the nickel-metal hydride batteries, several 

grain size of 5 micmnsTXs TutTu^^ ^T'T a ' IOy made of SUper ,ine ^des having the average 
30 microns or more rpSSeSmC^ P? Na 6 °- 1 19079 >- ™ e W <>f a diameter of 
agent (Japanese patent Laid^Sn nri^ uf^To^ ^ * for n y dro 9 en stora 9e electrode containing a binding 
P^i^ooj^p£^S^!L^:- T^l SUrfaCe 01 the *«Be alloy particles (mother 

particles of then^bas^STcJ «f£ X T * f ^ avera9e partc,e diameter ls 1/10-1/200 of the mother 
storage a..oy co^^ZZZ™,^^ Stee ^ Japanese ■*« print No. 64-6366). The hydrogen 

rials of being such as^morpnlut ^^"^^ constituted by combination of polycrystalline n^te- 

publication So. feS^T ^ ^ W ,on »« n »« that lack the ^uctural order is used (Japanese patent 

crmrgVanc! 'SSlSSSJSS^n *" ""^ ^ fe ^ ^ nickel or « anium s ° a « *» '-prove rapid 
the plate ^ St « ^ Uy *°»» n ^ No S - 1 59781). The secondaryTatterieTof 

capacity Z the ^SSr^Th'S /etproposed in which the secondary cel. that is excellent in the 

*^EESZ ZSttJ^^^E^ m orderto 6X160(1 the dr ^ in9 distence - « - 

tne irmium secondary cell and n.ckel-hydrogen secondary cell greatly decline in the high out- 
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put region. Increasing the recovery rate of regeneration energy in putting a brake is essential for realization of the high 
efficiency operation. For this purpose, secondary batteries of large capacity and being excellent in the rapid charge and 
rapid discharge properties are necessary. 

In general, the electrode used for the batteries are manufactured as follows. 

s After finely grinding particles of a material that participates in the cell reaction, the porous electrode plates are man- 

ufactured by making a sheet with a binding agent for binding the particles or by binding the particles by sintering them. 
Making the average grain size smaller also increases the area of cell reaction in the porous substance layer that partic- 
ipates in the cell reaction. However, as particles of the substance relating to the cell are made finer, the falling of the 
material from the electrode becomes larger so that the cell capacity declines. The coating of impurities is formed in the 

10 material surface that participates in the cell reaction during the process of fine grinding so that the coating becomes 
resistance to cell reaction to lower the rapid charge and discharge characteristics. It is thought that there might be an 
effect in the increase of the reaction area when the pores are formed in the material surface that participates in the cell 
reaction, but there is no effect even if the fine pores are formed in the binding agent or between the particles. The pro- 
vision of several pores in the electrode causes the declination of filling density of the material that participates in the cell 

75 reaction rather than to increase the reaction area, but to lower the capacity as a practical matter of course. Because 
such forming of pores lowers the electric contact between grains, rapid charge and discharge characteristics are dete- 
riorated, instead. The formation of the continuous cracks causes the same result. 

In the method of arranging the conductive particles around the substance relating to cell grains, the configuration 
of the arranged particles is of fibrous or film-form. As for the kinds of particles, carbon, metals or catalysts, etc. are 

20 acceptable. When a substance that has no cell reaction or has little action is added, the cell capacity may drop. When 
the crystal structure of the substance relating to the cell is made the non-ordering structure by the random multiple com- 
ponent substance which comprises materials of the polycrystalline, amorphous and/or microcrystalline, the storing 
sites and the active sites appear so that the surface area substantially increases. 

The grain boundaries of the above mentioned disorderly material are disorderly and not clear. Thus, the stress by 

25 the expansion-shrinkage at the time of charging and discharging is relaxed so that cracks and voids are hard to gener- 
ate and that the electric contact between particles does not deteriorate. Accordingly, the storage capacity is large, and 
the cycle life is also long. As for the cell reaction in the rapid charge and discharge, the charge-transfer reaction in the 
surface of the particles is controlling the cell reaction. Even if a lot of storing sites and active sites are formed three- 
dimensionally in the material, the speed of the cell reaction can not catch up the speed of rapid charge and discharge, 

30 if the reaction area of the surface is small. 

The method of coating the collector with the conductive material such as nickel or titanium is done to make the con- 
tact resistance of the collector and the substance relating to cell small, and there are different methods. But, the resist- 
ance in the electrode, for example, contact resistance between particles and the reaction resistance between particles 
and electrolyte is much larger than the contact resistance between the collector and the substance relating to the cell 

35 reaction. The method for effectively improve the rapid charge and discharge characteristics of the batteries has not 
been discovered yet. 

It is an object of the present invention to provide a secondary cell using system that improves the rapid charge and 
discharge characteristics of the secondary cell. 

40 Description of Invention 

The present invention relates to a secondary cell using system that contains one or more loads with the capacity 
of the 0.5 to 50 kWh. The unit cell of the secondary cell is possible to discharge of at least 580 W/l for 15 minutes or 
more. The above load is a heat source, power source, controlling circuit, driving circuit. LSI, IC and display element, for 
45 example. At least one of the batteries of the secondary cell using system is possible to make a charge of 90% or more 
of the cell capacity at 300 W/l or more of charge, and possible to make the discharge of 200 Wh/I or more. 

The ratio of the maximum performance time of the secondary cell using system to the charge time of secondary 
cell is 10 or more, and preferably 40 or 200. The secondary cell using system contains at least one of a liquid crystal 
display, multiple-layered wiring board. PCMCIA card (PC card), voice card, modem, portable telephone, facsimile and 
so IC for the cell. 

In the liquid crystal display system with the memory storage that contains the liquid crystal panel, the panel driving 
circumference circuit and the display interface circuit, the present invention relates to the secondary cell which is pos- 
sible to make a rapid charge within one hour, preferably within 30 minutes or less and to make the maximum continuous 
duty for 10 hours or more, preferably 40 hours or more. The liquid crystal display system may or may not contain the 
55 back light as a component. In case of the display of the reflection mode, the display is power saving because the back 
light is unnecessary. The liquid crystal display system can have the circuit integrated on the panel. In addition, the cell 
system can be used in the power-saving system that omitted the periodical read-out of the field memory storage and 
the periodical writing to the pixels. 
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of r ♦ /5 ° ° f t! ? e present «>rsumption of power in the future. In case when the secondary cell system 

ItouZZT^ 11" ,S r* 10 ** CrySta ' diSplay SyStem wi " be work continuously for 5 d£h 

h5SS^.2T?i? e PreSent inVenti ° n relat6S t0 8 SeCOndary Ce " System which ^P^ 8 3 secondary ce! 
c3 eol^^l™ °' ™ Per indl 01 * e ,iquid crystal dis P |a y P 3 " 61 at one of a oe,, ^ 
8?£ wS^ 9 controllmg c,rcuit and management system that have a capacity of 2 W or more preferably 

CmA™vl?n C 2!! dary 1 Sed in present invention have a rapid charge of at least 1 CmA. preferably at least 2 

reTci^nT L US ,f ' n aSSembled batteries - ™ e char °e control of the present invention is the constat 

a A ^mrmeTc?: ** «W ™ charge JTmyl 

dowr ,2 a^SSrJJTS^ 8,0 et "2 8 ' S Stopp6d by te mperature ria «. a method wherein the charge isshut- 
2™, a Predetermined potential, or a method wherein charge is shutdown in a predetermined time And Dulse 

cna" oe 3 EE? 1 *l ^ t0rin9 ? VOfta96S ° f 1,16 batt6rieS - charaa ia *>" 3 by bypassing currenUo a^old^ 
charge of the battenes. By takrng out the signal from the microcomputer that built in the batteries, the charge is coZl- 

The system can have a management system that indicates the kinds of batteries, the charae voftaae the cha.™ 

aSed in 2T f 06,1 llquW ^ disp,a ' s * stem has « he e--oary Ses lSe 

JSSfi !l * Wh ' Ch ^ iS 0 85 10 1 2 per * e of 4,16 of the liquid crystal display pandand 

to 2o^^^°zi e j: r th , e ie T* of ^ screen 01 the ,iquid ^ p-* and °< whichtr^ei st 

SdL^aTor y , J 7 Etem i ^. the present invsntion <*" buiW in the microcomputer that controls the charge 

°e fa o^es? in 2 ^«^!jl qW l aySta I ^ , . Sp,ay SyStem has 016 secondar y ce " ^^d of the set batteries of 6 paral- 
o,5 0 ^« . leSS Where,n lrth,um secondary batteries are used as the secondary batteries. The lithium sec- 

™^ e fT™ y ^'^^ 

nidk^ e hl^nl ba !T ,eS J ha ' 66 to ,he P resent Mention are the lithium secondary batteries or the 

Sn ion b^/^^^ 65 ' Cadmium batteries and tne lead batteries are improper for the present 
invention because their capacity e too small, even if their rapid charge is possible The secondary cell svstem of th» 

fpSca^rrf " inSta, S a :' eaS, ° ne0,1he ,k,Uid CryS,al di ^ lay - themulti^a^^^ £ PoSSi c£a 

d^harge of the secondary battenes. or a circuit for controlling charge-discharge is integrated with the circuit in the sys- 

tion tSmj'S i 1hp y i t i d N? ,ay ^""J? th6 PfeSent invention be "W** to *«* ^to" 18 as 1,16 portable informa- 

the Jr e SS; t a h i e H S ^ ndary Ce " SyS,em ° f the present invention 030 be to the electric vehicles, the elevators. 

S Dart? nc^inTa m* ™!^ ^ th6 eleCtriC V6hiCles havin 9 the secondary batteries with the driv- 

S5SS^22i^ !1 " Wener - 1,16 secondar y 06,1 is possible to be rapidly charged within one hour. 

^ Can -" Ve 8 diStanCe ° f 81 ,6aSt 250 1011 at 3 Speed knVh by one charge. The 
^222 £ 9 ° r 6 e,eCtriC V6hiCle 01 1,16 present invention uses *• seoondar y ba «eries which 

m^fatT^L^^T 6 ° f ^ 71,6 Ce " SyStem of 1,16 present inventton has *• distance of 250 Km or 
s^e the^^i^l y ° ne Char9e 1716 Secondar y ce « e^em of which total weight is 200 kg or less that can 
to^Ombv^^ 

L fuel cT« ^7 S 18 S6COndS ^ ,eSS ' the vehicle ^"9 senary ^ and 

orXv th ^ 1 confro1 P« rt ««t controls the operation of these output with the motor driven by the sec- 

anoNtTs^ssTw^^I? T^ff* '° ^ ^ ^ one hour or 'ess. preferably 30 minutes or less. 

tauS^t? m ^ 31 a ^ of 40 kmm by discharge of the secondary cell and/or generation of 

kg fcJEi A SS?2^ *l 8Uni ° f 816 W6i9ht ° f the SeCOnd3r y ce " and 1,18 toe« cell or the solar cel. is 250 

kg orless. A hybrd power source combined with a gasoline engine is acceptable 

tI! ^ °! second3r y ce" used tor the system of the present invention are explained below 

cr«roe rSSo^ 6 ^^, 6 T the "^^f electrode a particle material that participates in the charge and dis- 

Ing Te Sri P 31 ^ PhaS6S - At ,e3St one of the mu,ti P ,e P hases is ma de of elecfrodes hav- 

crackT AUeaSne H^al°\^ f~ ° f * ieaSt 2 " At ,eaSt 0ne of multiple P^ 38 *»s the pores and 

cracKs. At least one of the multiple phases has fine pores formed by dissolution 

cradJfon^'Sforr^Iion ST ^ by diSS ° ,Uti ° n " vaporizati °n « at least one of the multiple phases and have 
cracks formed by formation of the charge reachon product or the discharge reaction product At least two of phases are 
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materials that can participate in charge or discharge reaction have different the charge capacity or the discharge capac- 
ity from each other. Either the charge capacity or the discharge capacity does not become an issue. 

When the value of the charge capacity or the discharge capacity of the two phases is different, the stress fracturing 
will occur to form cracks. At least two of the phases are the materials that shows different expansion coefficient or drf- 
5 ferent coefficient of contraction at the charge or the discharge reaction. The value of the expansion coefficients or the 
coefficients of contraction is not problem. When the values of the expansion coefficient or the coefficient of contraction 
of two phases are different, the stress fracturing will occur to form cracks. The expansion coefficient or the coefficient 
of contraction is determined by the increase or decrease of the lattice constants obtained by X-ray diffraction measure- 
ment results. 

io The cracks are formed in at least one region selected from the group consisting of at least one fine pores that par- 
ticipates in the charge or discharge reaction, their boundaries and the combinations thereof. The cracks pins phases 
that remain in the phase which does not participate in the charge or discharge reaction or in the phase that remains 
undissolved or not vaporized so that the cracks do not spread anymore. Therefore, the cracks do not progress to form 
the bores generated from the deep cracks, so that the electric contact between particles is not broken. 

is It is possible to increase the reaction area of the surface by forming many short cracks, because there are a lot of 
sources of cracks such as at least two phases that participates in the charge and discharge reaction, existence of the 
fine pores, their boundaries to which stresses are easily applied. The cracks of the particles can be formed by at least 
one method selected from the charge reaction, the discharge reaction of the cell, similar reactions, or reactions 
between the particles with at least one of an electrolyte, acid, alkali, oxidizing agent and reducing agent or the reactions 

20 of their combinations. The similar reactions are the reactions between hydrogen in gaseous phase and a hydrogen stor- 
age metal at a certain temperature under a pressure where the metal absorbs and desorbs hydrogen in case of the 
metallic alloy for hydrogen storage of the nickel-metal hydride secondary cell. Similarly, the reactions to absorb hydro- 
gen in the alloy, which is accompanied by the occurrence of the hydrogen gas in the liquid phase is used. For example, 
a thermodynamic reaction between lithium and the particles in case of the lithium secondary cell. The reaction with the 

25 electrolyte is the corrosion reaction or oxidation reaction between the electrolyte and the alloy that are generally used 
for the nickel-metal hydride secondary batteries in case of the hydrogen storage metal alloy of the nickel-metal hydride 
secondary cell. 

In case of the lithium secondary cell, the reactions are decomposition reaction of electrolytes in the surfaces of neg- 
ative electrode or positive electrode or ones between the impurity in the negative electrode or positive electrode and the 
30 electrolyte or reactions between active sites, for example, radicals and the electrolyte. 

The fine pores are present in the particle surface that touches with the electrolyte. The pores contributes to the cell 
reaction, and thus there must be at least in the surface in contact with the electrolyte. 

The surface of the particles of the material that participates in the charge and discharge reaction has pores in the 
electrode of the cell of the present invention. The composition of the pore surface is different from the composition of 
35 the particle surface. The particles are the so-called primary particles. Unlike the pores formed between particles by 
making the particles gather, the active coating is formed in the surface of the pores made by dissolution, etc. by the ele- 
ments, etc. that exist on the particle boundaries of the phases and other phases formed by dissolution, etc. or evapo- 
ration. 

The particles are composed of several phases, at least one of which is dissolved or vaporized to form pores, and 

40 the surface of the pores contains transition metals or noble metals. Trie transition metals or noble metals exist in the 
coating of oxides, hydroxides, carbonates, chelate complexes and solid solutions of different metals. In case where the 
particles consist of alloys, the particles are the alloy including at least 2 kinds of elements, and the alloy has the first 
phase and at least one second phase precipitated in the first phase. At least one of the second phase has pores formed 
by evaporating or dissolution. At least one of the second phases is the material that shows the charge and discharge 

45 capacity different from that of the first phase. In addition, the cracks may be formed to the particles. 

When the principal component of the particles is carbon, the carbon particles have at least one phase. The pores 
are formed in the surface of the carbon by dissolution or vaporisation of at least one phases. The pores exist only in the 
face that can be in contact with the electrolyte. The pores do not necessarily exist in the interior of the particles that can- 
not be in contact with the electrolyte. When the particles are of carbon and an additive component, the phases are the 

so additive component or compounds of carbon and the additive component. 

At least one of the phases is the material that shows the charge and discharge capacity different from that of car- 
bon. And, the cracks are formed in the particles. When the particles are oxides or sulfides, the material is of oxides or 
sulfides containing at least two kinds of elements. These compounds have the first phase and at least one kind of the 
second phase precipitated in the first phase, at least one of the phases having pores formed by dissolution or vapori- 

55 zation of at least one of the phases. 

At least one of the second phases is the material that shows the charge and discharge capacity different from that 
of the first phase. The cracks are formed in the particles. The secondary cell used for the present invention is possible 
to make a discharge for at least 15 minutes at 580 W A of output density per one cell. This cell is possible to make a 
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discharge of at least 200 Wh/l in 90 % or more of the cell capacity at a charge of 300 W/l or more. 

The secondary cell used for the present invention is explained in detail below 
proc2L? S,tlVe e,6Ctr0de and/ ° r the negative e,ectrode <* present invention are manufactured by the following 

ria^onTS^ ™ ufactu ^ the negative electrode b V agglomerating particles of the substance relating to cell 

m^Si r 9 eneratin 9 P^s in the second phase by dissolution or vaporization of the first phase with 2 or 
S ^ 01 ; 6 phas f that participate in the charge and discharge reaction, at least one of the second phases 
d, !?? ved an ac ^ oxidizing agent or reducing agent or evaporating it to form the pores 
The manufacturing process may further include the following steps- 

?£K? ^foTSr^ 168 of the substance re,atin9 to ce " reaction and shapin9 the ***** ioto 

thrn^hTh^^ form ^ OT ? 8 the Shaped e,ectrode «* formin 9 charged products or discharged products 
through the charge reaction, discharge reaction or the similar reaction. ^ 

the iC^f^°» n K dary Cel il n WhiCh the P ° SitiVe e,ectrode 31x1 «» ne 9 ative electrode were ranged to be in contact with 
the electrolyte, the manufacture method of the electrodes of the present invention has the following presses 

hL^ 00635 ^ diSt * Ut i nfl reaction P roducte of a firs * P^e. second phase that can participate in the charge and 
discharge reaction and third phase that forms pores by dissolution or evaporation; me cnarge and 

? ! or~ 6SS I'" 3 * 1 " 1 ? ,he 1 P roduct wherein *e second and third phases are dispersed in the first phase; 
rJrS^Z ^ us,n9 * e crushed Parades to make cracks by forming the charge reaction products, discharge 
reaction products or similar reaction products; and 9 
4) a process for molding the particles into plate. 

Phas^r^onTmSJ?^ "J" 9 inC ' Uding SUCh 35 3 meoh anical alloying method, a method of solid 

^ / L ! ° f 9as phase react,on - 3 method of liquid phase reaction, a gas atomizing method ( a method 

of spraying around the temperature from which the second phase separates) 
As another method, the following one is proposed. 

tio^'SrSfH COmponent ' the second componentthat can participate in the charge and discharge reac- 
hed component being able to form pores by dissolution or evaporation of the component are 

2) The component of the first phase is melted, cooled and crushed 
4) The particles with the pores can be molded into the plate. 

selec^evaS "T"* * Y brin9in9 * e third phase int0 0001301 wito a reaction gas to effect 

2,22 f ?I Ph3Se - 706 S6COnd 0r ,hird Ph ase 0311 ^ formed by adding the second and third 

SSi^te «22T ££L !l e ~ r T POne u 01 016 ,irSt Phase - 17,6 third phase is P^red from alloys, intermetallic 
? 9 components that are able to be dissolved with acids, alkali, oxidizing agents or reducing agents 

££££ Ts a'SaS; wHh 8 dissoMn9 agent to form and 1,16 product i ^ b ™ ed int0 a sha P a * 

Dori'Tte^Jf!^^ *"? W PhaSe aft6r m ° ,din9 106 P 3 ^' 68 lnto 106 e,ectrode configuration to form the 
^^ ^Tn JZrT"^^^ * e SeCondary ce " ^ j s composed of the negative electrode, positive 
electee fhe t22?<? HEfH? 6 e,ectrodes - ,f neoessar * a separator « disposed between the positive 

»nsss»ts£: smses" fe desirawy *~ d ,o c,osed type seco " ary batteries 

Die tte*,!^^!!* • prese "* ^"ti 0 " are comprehended to cover so-called intermetallic compounds. Forexam- 
nLwe el^Tof S^ ^ *" ! 800nd>ry 3 038,09 a ^rnodating the positive electrode, the 

alfo^tr^? ^ ^ Stora9e all0y electro| y te and an electrolyte. The negative electrode of hydrogen storage 

t7elSZT^TZT n l^ r T n St ° ra9e partCles - A separator 030 be dfe P° sed ^n the posi- 
™ ^ a M± Ctr0de - By ^'y 1 " 9 1,16 oe93live e,eotrode or hydrogen storage alloy to the present 

auS IslouS VZ'SZV? ^l 096 " ° CC,USi0n reaCti0n 030 be 0bt3ined - B " 106 30 ™* * the active 

r^chime^lhtrnp^r e J emente \ et0 - ^ °ole or the unpaired electrons) that remain in the pores, the 
rapid charge-discharge characteristics can improved so as to extend the life of the cell. 
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The present invention can be applied to the secondary cell filled with the non-water electrolyte wherein a positive 
electrode and negative electrode are accommodated in a casing, which carries out charge-discharge by releasing and 
inserting alkali metal ions (for example, lithium ions) in the positive electrode and the negative electrode. In case of car- 
bon or conductive polymer negative electrode, lithium ions are inserted from the edge part of 6 membered ring to effect 

5 intercalation reaction. Because there are a lot of the edge parts of the 6 member ring, so-called end parts existing in 
the pores, the reaction can easily take place. As a result rapid charge-discharge characteristics can be improved to 
realize a large energy capacity. Because the active material of the positive electrode is the anions in the electrolyte in 
case of the positive electrode of conductive polymer, the electrolyte absorption rate by the pores can be increased, and 
the charge and discharge reaction can be smoothly progressed. In case of the positive electrodes of metallic oxides or 

w sulfides, metallic ions are substituted with transition metals in the positive electrode to form defects, whereby the lithium 
ions can be inserted into the defects. That is. the increase of the defects can increase the reaction sites of lithium to 
increase the energy capacity of the cell. 

The configurations of the substance relating to cell reaction and pores can be any form of ball, ellipse-form, cone- 
form, fibrous-form, doughnut-form, basket-form, cube, rectangular parallelepiped, or random shape. For example, the 

75 present invention can be applied to the following cell electrodes. If the performance is improved by forming the pores, 
the present invention also can be applied to other cell electrodes. The metallic alloy for hydrogen storage can be used 
which is made of the following components as a material that participates in the charge and discharge reaction of the 
negative electrode of the nickel-hydrogen cell. The following alloys, etc. are used which are composed of the first phase, 
the second phase that can participate in charge-discharge reaction and the third phase. The following alloys can be dis- 

20 solved or the evaporated to form the pores. 

Alloys composed of nickel and at least one of magnesium, lanthanum, cerium, neodymium, praseodymium, tita- 
nium, zirconium, hafnium, niobium, palladium, yttrium, scandium and calcium 
Alloys containing at least one of the following elements besides the above components. 

25 

Aluminum, cobalt chromium, vanadium, manganese, tin. barium, molybdenum, tungsten, carbon, lead, iron, 
potassium, sodium. lithium and boron 

For example, the following alloys are exemplified. 

30 (La-Ce-Nd-Pr)-(Ni-Mn-AI-Co) 

(La-Ce-Nd-Pr)-(Ni-Mn-AI-Co-B), 
(U-Ce-Nd-Pr)-(Ni-Mn-AI-Co-W), 
(La-Ce-Nd-Pr)-(Ni-Mn-AI-Ck)-Mo) 

35 The range of ( )/( )=1/4.5 - 5.5, when converted in the atomic ratio. Among the alloys, the second phase that participates 
in the charge-discharge reaction is the following: 

L ao.5-2.sCo. Lao.s-a.sN'. Lao.5-2.5Mn, Ceo.5-2.5C0. L^os -2.5^. Ce 0 . 5 -2.5 N ' 

40 At least one of V, Fe, Ti, Nb and Ca can be alloyed to the above alloys to compose the following alloys wherein the 
second phase containing the following components may be precipitated. Ti 0 . 5 . 2 .sNi. Nb 0 .5 - 2.5 Ni . Cao. 5 - 2.5™. Ti 0 5 - 
2.5 F ©. T k>.5 - 2.5 V 

Further. (Zr)-(Ni-V-Mn) alloys are acceptable. At least one of Co, Fe, Cr, Sn, Sn t B, Mo, W and C can be added to 
this (Ni-V-Mn) side further, and the range of ( )/( )=1/1 .5 - 2.5, when converted in atomic ratio. At least one of Ti, Hf, Y 
45 and Nb can be added to (Zr) side further. The combinations are. for example, Co and Mo, Co and B, Cr and Mo or Co 
and W, etc. The second phases that participate in the charge and discharge reaction are the following: 

Zro.5to2.5Co. Ti 0 .5to2.5 V . Zr 0.5to2.5 N '. 2r 0.5to2.5 Mr l. 2r 0 5to2 5 V. Tio.5to2.5Ni, Nbo.5to2.5 Ni . 

so Ca, La, Ce, etc. can be added to the above alloys to obtain the second phases of the following. 

La05to2.5 Ni . Ceo.2to2.5 N '. Cao.2to2.5Ni. Lao.2to2.5 Fe ' Ce 0 .2to2.sCO, Cao.2to2.sV' e * c - 

(Mg)-(Ni-AI-Mn)or(Mg)-(Ni-V-Mn), wherein at least one of Ca Fe. Cr, Sn, B, Mo, W and C is added to the (Ni-V-Mn) or 
55 (Ni-AI-Mn) side further. The range of ( )/( )=2/0.5 - 1 .5. when converted in the atomic ratio. At least one of Zr. Ti. Hf. Y 
and Nb is added further to (Mg) side. The second phases that participate in the charge and discharge reaction are: 

Mgo.5to2.5Co, Mg 0 .sto2 5 Ni ' M Qo.5to2.sMn, Tio.5to2.5Co, Tio.5to2.5 Fe » "H0.5to2.5V. Tio.5to2.5Ni. Tlo.5to2.5Mn. Zr 0 .5to2.5 Ni 
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Further. Ca. La. Ce . etc. are added to the above alloys to precipitate the following second phases: 
LacztoasNi. Ceo 2to2s Ni. Cao 2to2 . 5 Ni. Lao. 2to25 Fe. Ceo^Co. Cao ito2 5 V. etc. 
and * £ * * W «, C h added to the (N-V-Mn) 

Lao.2 - o2. 5 Ni. Ceo.2 . o2 5 Ni. Cao 5 . 2 5 Ni, La^ . 2 5 Fe. Ce^ . 25 Co, Cao. 2 . 2 5 V. etc. 

- are e^meJ. ? °" ^ "* ^ ° f * W ° r M °' *** bhases as ^ ™£ ^Al-Co. SiSSt 

the c^^df^^^J^^ 6 ^ diSCharge reacti0n «* *• P~*« of the .ithium batteries. 

soluSThase aS second Z SLT^^ T "T* ^ ,0,,owin 9 «™Poun«h, etc. containing the di^ 
con^^^^^^^J^^^ char 9 in 9 and discharging can be used. Compounds (alloys) 

molybdenum bSon SESTET Si «*P«- chramium - 

yuue.ium. ooron. tungsten, titanium, niobium, tantalum, strontium, bismuth and maonesium are th* ™ m 

«urtTntob~r^r^ 

boro^zz:^ — — • — — 

maters "SSu^ 2??*?* t0 ^ Charge and discharae reaction of *e positive electrode of the lithium cell the 
UN rlS IT 9 S ~ ° ne ° f the foll0win9 materials 030 be "sed. LiCoO x , LiMnCX UN© UFeO 

UN& O ^ e fm;f^ 0 • 5a ^ 5Ox • UAI °-5 Mn o.50x. LiMgo.5Mno.5Ox. UAIo 5 FeosOx. UFe 05 Mg 05 O x o 
range^°X 5 S X i ™VT COmDonente shouW ba 0.8 - 1 .3. but it not necessari.y°io be 0.5 The 

mate^ate co'rSfnina 3 !^ T** reaC6on 01 negative electrode * the lithium ce... the 

cSon m^o?h;™ e rTZ TOmfMUndS (a " 0yS - 6tC ) 03,1 be used - Carbon Carbon black, furnace 
arJmixLr^ PAN ser.es carbon, glassy carbon, graphite, amorphous carbon, fullerene 

as — — 

the c^Se^ P ° ,yaCene -nd PO, ^ rro,e ) <*" be —* There are compounds of 

boro^ ssss^^ su,fur - — -* — • 

conZZ^^^JT^l^" 0 ° f ^ C ° ntribUt; to *• ^^Xe reacton. the 
to Sm the JeSrS ota f ** Subjected to a 9 in 9 ^eatmenl or cooling at a controlled speed 

ng the Z^SSTSSSZ " "2? ^ ^ "* * fofm ^ a,,< * in 9 «>"P<™nts for diners- 

tinnlil ^ u Phases, additional elements can be contained to adjust the size of the preciDitates Desirable addi 
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charge and discharge reaction are segregated by not making homogeneous the materials to manufacture desired neg- 
ative electrodes (or particles for constituting the negative electrode). 

When manufacturing the materials consisting of carbon and the conductive polymers that contribute to the charge 
and discharge reaction, the components for the dissolvable phase as raw materials are mixed and melted to disperse 
the dissolution phases and the second phase that participates in charge and discharge in carbon, etc. In case the mate- 
rials that contributes to the charge and discharge reaction are the oxides, composite oxides, the sulfide or composite 
sulfides, this method can be adapted, too. 

Dissolution phases can be dispersed by mixing and heat-treating carbon, the conductive polymer and the compo- 
nents of the dissolving phase. A heat treatment temperature of 300 °C to 3500 °C is desirable. In case the materials are 
used for the positive electrode of the lithium cell, a preferable temperature is 300°C to hundreds °C. In case the mate- 
rials are used as a negative electrode, the conductivity polymers are carbonized at 1000 °C to 3500 °C. The material 
that participates in the charge and discharge reaction (so-called active substance) is obtained by heat-treatment after 
dissolving with an acid to form the pores. The materials can be evaporated by contacting with the reaction gas instead 
of the dissolution. 

The present invention is hard to apply to a case where the composition in the material (so-called primary particles 
in case of particle-form) that contributes to the charge and discharge reaction becomes homogeneous as a whole by a 
heat treatment (for example, uniformed processing, etc.). It is desirable that deposition phases that are easier to dis- 
solve in an acid, alkali, etc. than the mother phase (the first phase) and the second phase that participates in charge 
and discharge disperse in the f irst phase. The dissolution phase and the second phase that participates in charge and 
discharge can be formed by deposition of the alloy, as mentioned above. For example, the particles can be mixed into 
the mother phase (the first phase) that consists of carbon and the conductive polymerias a dissolution phase and the 
second phase that participates in charge and discharge in case of carbon and conductive polymers. 

The porous electrode of the present invention can be made by either of the following steps. 



bonding with a binding agent 
Mechanical pressurizing powder 



Sintering 

Chemical Agglutination 

The electrode especially suitable for the present invention is the electrode of which the material contributing to the 
charge and discharge reaction is an electrode of a so-called the intercalation type. In the electrode of the dissolution- 
deposition type wherein the material participating in the charge and discharge reaction in the electrode dissolves from 
the surface of the electrode by the charge and discharge reaction. The effect of the pores cannot be expected suffi- 
ciently, when repeating charging and discharging. 

The crack formation method that is especially suitable for the present invention is the method of pre-charging or 
pre-discharging after assembling the ceil. As a result, the charge products or the discharge products are formed so that 
the cracks are formed. 

There are the following materials as acids, alkalis, oxidizing agents or reducing agents that are used for making 
pores and cracks. If materials are not contrary to the purposes of the present invention, the materials are not limited to 
the following ones. 



• Acids : Nitric acid, hydrofluoric acid, hydrochloric acid and sulfuric acid 

• Alkalis : Potassium hydroxide and sodium hydroxide 

• Oxidizing agents : Sodium hypochlorite, potassium hypochlorite and hydrogen peroxide water 

• Reducing agents: formalin, hydrogenated boric acid sodium and phosphorous acid potassium. Sodium hypo- 

phosphite 

As gases for evaporating the reacted material and to form the pores in the electrode, reactive gases such as halo- 
gen and oxygen are used. The phase to be evaporated is brought into contact with halogen gas such as F 2 . CI 2 and 
Br 2 or 0 2 to selectively evaporate the phase, thereby to form the pores by the volume change. The present invention 
also can be applied to the electrode as it is. 

The present invention relates to a power source system with the operation control unit for the power source in the 
power source system using the secondary cell in which the positive electrode and the negative electrode are arranged 
through the electrolyte, wherein a positive electrode or a negative electrode contains a particle material that participates 
in the charge and discharge reaction, the particles comprising at least two phases, at least one of which has the pores 
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?2 22; S ^ * S6COndary ce " is ^ 580 W/l. and the cell can discharge for 15 minutes or more 

acteSjfof £ sSont7y cS SJ?SK ft! l^^T * ** ^ ^ ^ ^ ^^ischarge char- 
the charge of moreen 300^71^ ? c k . 6 pr6Sent ,nvention is90%or of the capacity in 

cracks S2r2! . «^ d,schar 9e of (200 Wh/I or more is possible by effects of the poVesor the 
cracks. The rap,d d 1S charge property .s 1 5 minutes or more at the above 580 W/l, which is not found in the cor^en^S 

circuSnTcirlrt "sf ££5 25? IT^!^*™ 9 * ^ ^ 01 8 heat ^ ^ Source - ^ol.ing 
that the sS^ri i ^? ! * y i 6ment 680,1 h8Vinfl 1,16 capacity of from 0 5 Wh to 50 kWh. The longest time 
200 7n2J } 6 Char9 " 19 tme is 10 times or more of the conventional system, and more preferably^ 

nSe TZTZXT^T^f^ 200 WhJ or more in 90 % or nJe of the «££SS5!£ 
times The oSabHitv of svSSL ! JlL Y ^ max " num Performance time for the charging time is smaller than 10 

ble telephone by thTpTese^^ system^ the portable computer, the pencomputer or the porta- 

disolav system the™^! Z ? remarkablv ""proved. In the system with the function of the liquid crystal 
S^pC^po^ *• W*V«al display system, the portable cololVZ 

the charging time of seco^TSl «n b« SSS J? P k , US6 the SeC ° ndary 06,1 ° f the P resent ^ion. 
which has been dml,l\^ll T ? snortened ,n one hour or 'ess. Because the continuous duty for long time 

prefe^lyTo^nTstTeS and^Ion^T^ 5" Chara * eristics * *• rapidcharging of one hour or .ess. 

for 5 days" in usCfho^ 40 h °! " * 8 oon " nu <« duties 

In the nr B «M pe I 6 aay ' wn,cn fulf,,ls 1,16 requirement of normal businessmen. 

trie power of^et,^ inverttonare based on the consumption of e.ec- 

cell is 2 Wh or mSn-T^h i 1 9 P6 ' 006 mch of the dis P' av - 11 is necessary that the capacity of the 

or more fe dWiZ T?e chl™ ^ ** °f * Sma " er 1,18,1 2 «*• ,on ° est «*«» *ly - <»J houS 

chaTgTng 1 2 To) n^re^ inch "ESS ^ * ^ T irW6nti0n * one h ° ur « ■« * 

by tht praeSS iTSS" *? ST 8 " 1 S6COndary Ce " in the r6V6ree face of * a crystal display 

per the width of the JT B ^? 8 secondarv 0611 ,n a volume consisting of a widths of 0.85 to 1 .2 

Kay S Id a ?h^eIfo/, ,q f ^ ^ 8 le " 9th ° f 10 10 18 P er the screen of liquid crystal 

2fS oTa^n^SnlSe !!° 20 0856 the Secondary ce " is ,ar 9 er than volume, the cell 

of 5 mch or UrSf ! yStem ° f the present invention has a P remisa ^at it drives at around 5 V and has a size 

^Ims^ the step-down crcuit are used. Therefore in^seS 

The voltaoe o7^Z^^?« USed l thay are assembled .nto the set batteries of 2 series or less and 6 parallels or less 
the steSov^ circS WheJ T*n V - to 72 V> ■* 5 V VOlt89e is obtained by usin 9 •» v ^ge boosting circuit aS 

As JSSTJK cefvl.'S'^r^^ 3 7 batteries are used, a set of 6 parallels or less in 3 to 5 series is assembled, 
and tn7^ l^oZ £ ^P*' ^ 5 V ^ ' S 0btained by ^ the vo " a 9 e cirSt 

baneriesr^r^re^^^ 

dist^fTe^ec^vSiS 1 a 1 ^ 6 " 1 inVe ^° n K fe ^ 8Cce,eratlon is «"*m without shortening the running 
be charged^en o^e wov^; 

of one iur^ei S In^ H^ ^ * C * ,C ^ <* the preSent inverrtion «" be char 9ed by rapTd charge 
cell weight is 2o7kg or less 9 * 3 ^ * 40 by one char 9 e is 250 

or more and the 

If the nickel 



inpc^Se to ntk^ce?. we LS) ko^n ""S ^ ^ ^ ° f ,eSS ^ 006 h0Ur iS ** « fe 

drSng speed of^ k^To bTSo ^ h * e ^ P atteries are used and to make the driving distance at a 

vehicle of the vehtoleweio J £ 1^0 or T? 6 ^ ° f <he pr6Sent invention Was * «"e electric 

by Simp,y .ightetg^ Z^ZlVtooTT^ " ^ "12 ^ ^ ^ 

was not achieved bv increasinn m!L LnTi .! ^ 9 " eSS ' ^ runn,n 9 d, stance of 250 km or more 

secc^a7cIo?the p^Stlemion ^ ^ ^ Vehide *"» S8tiS,ies 1,1656 ^ te «— P- -ing me 
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In the electric vehicle using the secondary cell system with the control part that controls the output operation of 
these batteries, and the motor driven by the secondary cell and the fuel cell or the solar cell as a power source is pro- 
vided, wherein the rapid charge of the secondary cell is possible within one hour or less, preferably 30 minutes or less. 
The running distance of the electric vehicle of which driving speed is 40 km/h is 300 km or more by one discharge from 
5 the secondary cell and one generation by the fuel cell and/or the solar cell. The sum of the weight of the secondary cell 
and the fuel cell and/or the solar cell is 250 kg or less. 

A hybrid power source of the combination of the above batteries or cells and an engine can be used. The action of 
the secondary cell used for the present invention is explained. Several phases that participate in the charge and dis- 
charge reaction in the secondary cell of the present invention may exist wherein their discharge capacity' or their charge 
io capacity is different, or their expansion coefficient or their coefficient of contraction at the time of charge and discharge 
is different. Further, the pores formed by dissolution and evaporation may exist. The stress fracturing progresses in 
these phases by the expansion and shrinkage of the crystals at the time of charge and discharge to generate the 
cracks. The formation of the cracks brings the increase of the reaction area so as to greatly improve the rapid charge- 
discharge characteristics. The electrode has many crack initiation sources. One of them is in the phase that participates 
15 in charge and discharge. Another is the cracks that occur along grain boundaries. Another is the cracks that occur in 
the pores. The phase that participates in charge and discharge consists of several phases of which discharge capacity 
or charge capacity is different respectively, or of which expansion coefficient or coefficient of contraction at the time of 
charging and discharging is different respectively, The respective phases are formed by the highly ordered material of 
the high crystallinity. The clear grain boundaries exist between the phases. The large stress accumulates by the expan- 
se? sion and shrinkage at the time of charging and discharging between the phases of high crystallinity. Therefore, the for- 
mation of the cracks is easy. But this cracks do not grow to deep cracks or cavities. That is, the dissolution phase that 
could not dissolve and exist in the particle cores and the deposition phase that does not participate in charge and dis- 
charge become pinning points to prevent the proceeding of the cracks. 

The reaction area is increased by 2 - 10 times by the formation of the minute cracks, and the charge-transfer reac- 
ts tion in the surface can be smoothly progressed. Because the charge-transfer reaction is the controlling step of the rapid 
charge and the rapid discharge, the rapid charge and the rapid discharge property can be remarkably improved. There 
are pores formed by dissolving with acids, alkalis, etc. in the material (primary particle in case of particles) that contrib- 
utes to the charge and discharge reaction. The above process has an effect to increase the packing density of the mate- 
rial that contributes to the charge and discharge reaction in the electrode. The pores existing in the electrode 
30 manufactured by the compression molding of the particles are formed between particles or the attachment (for exam- 
ple, bearing object, etc.). so that the primary particle surface increases the specific surface area. As a result, the capac- 
ity of the batteries can be further improved. 

Firstly, the particles having pores are different from the cases that the metal powder and the catalyst powder are 
added, but the specific surface area of the material that participates in the charge and discharge reaction increases the 
35 area of the reaction sites. Therefore, the rapid charging and the rapid discharging reaction smoothly progress. The par- 
ticles having the pores can participate in the reaction sufficiently. Therefore, as compared with the electrode of which 
surface is processed at high temperatures, etc. after manufacture of the electrode, electric current concentration, etc. 
can be avoided in the electrode of the present invention so that the life time of the electrode can be prolonged. 

Because a larger amount of the electrolyte is held in the pores than that of the conventional electrodes, the charge 
40 and discharge reaction can smoothly proceed. The pores are formed by dissolving the dissolution phase by using rea- 
gents with high reactivity such as acids, alkalis, oxidizing agents or reducing agents. Unlike pores composed of the 
voids between particles, an inactive film (for example, insulating film) like usually arising a firm oxidation coat is hard to 
be formed, and higher reactivity can be expected in the present invention. Formed are the coatings (for example, con- 
ductive oxide films ) of which the activity is high and which are not firm like the ordinary oxide film formed in the circum- 
45 ference part surface of the pores. The pore surfaces formed by dissolution of the phase become non-continuous, 
random arrangement of atoms to form defects and voids, so that the state which is electronically charged to positive or 
negative can be formed. This may lead to contributing to rise of the activity. 

The kinds of the elements that exist in the particle boundaries between the dissolution phase and another phase 
or the elements that exist in the dissolution phase, the dissolution phase and other phases brings about the large drf- 
50 ference in the dissolution speed within a short time, and the composition of the pore surface changes into the active 
layer that is different from the composition before processing. Therefore, the activity in the pore surface is high. The 
defects are not mere pores, but they have catalyst layers (a layer that contributes to promote the reaction) to which 
minute etching was applied to form holes or positive holes of electrons and unstable layers (for example, charged lay- 
ers) are formed. Therefore, it is not only the capillary action, but the electrolyte is held in the pores by the adsorption 
55 with electrons so that the reactants are catalytically activated to increase the rate of reaction. 

Like this, the pores is clearly different from the pores that are formed between the particle boundaries of porous 
electrodes in their reactivity. Because the pores in the present invention are formed by dissolving the dissolution phase 
(the second phase and deposition phase) using reagents such as acids, alkalis, oxidizing agents and reducing agents, 



11 



EP0 860 889A1 



w 



15 



20 



25 



30 



35 



45 



50 



55 



facTtS Sn S^iZl^Th^rr T?** rSa9entS are in contact For examp.e, the pores exist only in the 

so Ive cer^n 2^22! certainl ^ isso,ve «• heat « *PP«ed from the outside like hot acids or hot alkalis to dis- 

osLTase) n SSXSSST^SS^^lT phaSS (the S6C0nd #~ and de P" 

electrolKe ^^^SoT^^^k ? T" ^ *• e,ectro,yte ' bein 9 in with the 

eiirt* [ ner f\ ore - the components in the dissolution phase (the second phase and deposition Dhase* can 

kTSLH T*?* 8nd 03,1 COnf,rm tneir existence b * ana| y 2i "9 «ie electrolyte ^ P ^ ^ 

pates SSL 22£ 1,16 ^l,"* 0 '* 6, the P* 65 in 1,16 e 3 ™ 6 surtaces * *• materia, that partici- 

Ste ^ J«t (2*122 T222TSS n - ma9ed by the Ce " ° peratton ' ■ nd b * ^ in «*« wi * the electro- 
rtt nraLa? to ™k2TJ^ !L f ° rmed 50 that ^ and discharging reaction can be maintained It is 

ton r^n^ToM ^1 ! ^ com P onents to Precipitate in another place positively. The effect of the presertTnven 

2S?2K£2T ,B * form *• p ~ 7116 components - » e ' ea « ion -^£2. 

and ^ 9 ^^ZCe^T^T'^^- °? ^ ^ *«P-**— in thecharge 

Brief Description of Drawings 

F'g. 1 shows the analytical result of the segregation phase of example 1 

Ro 3 2£ !h! ana 'f ^ reSU ' 1 aftSr dissolution °< *e segregation phase of example 1 . 
Pig. 3 shows the construction of the sealed type cell 

Fig. 4 shows the analytical result of the alloy of comparison example 1 

2!' « in!!!!! T ana,ytical resu,t after th e dissolution of the alloy of comparison example 1 
Fig. 6 shows the analytical result of the segregation phase of example 2 ' 
Rg. 7 shows the crack formation in example 2 

part ^tSSS ISOST"" me, ^ a ^' h »<»P»'=«>'««o««H^totheg ra lnvolum e of t h e pore 
H€*i i voiume ot example 8 and comparison examples 9 and 10 

Rg \l SSS £ SEAL'S S Jidance sys !f m by the «** <** of exam p |e 19 and is. 

Fig 13 2£ Ee 2 1 or 6 *" ** WiCe ^ of exam P |e 19 and comparison example 13 

Rg. 13 shows the construction of the PC card of example 19 and comparison example 13. 

Ro i 2S T COn ? uction <* *• cu * <* examp'e 19 and comparison example ? 8 . 
con^^nir^u UCt '° n ° f TFT *"* 01 me ,iquid «*« dis P' a * s ^m <* -ample 15 and 

Rg. isshows the example of the liquid crystal display system of examples 21 - 24. 
Rg. 1 7 shows the volume of the set cell of examples 21-24 

Ra J! ll'SS f CXamP ! e °! ^ POW6r ^^ement function of the note personal computer of example 25. 
Rn 11 ■ ^ examp,e 0,tne electric power unit of example 27 

Rg. 20 illustrates an example of the hybrid power source of example 27. 

Best Mode for Carrying Out the Invention 

[Example 1] 

Th-ISST e,eCt ^ de ' the 7 V>^o.8Ni 1 . 1 Mno. 6 V 0 . 2 B 0 .o3 alloy (metallic alloy for hydrogen storage) was used 
speech 0 Si S^SZrJLT^ 81 3 ™ a * 1100 and ™° ^ ^ at a Soling 
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microns was formed. Fig. 1 shows the distribution state. This alloy powder was subjected to dissolution treatment with 
an aqueous solution of 30 wt % KOH, was sufficiently rinsed with water, and the powder was observed with SEM-WDX. 
The result is shown in Fig. 2. 

Observed was the discontinuity of the composition with the circumferential phase formed from the difference in the 

5 dissolution velocities of the elements where Ti is left in the pores, but V and B in the segregation phase having a mean 
diameter of 5 microns were completely dissolved. 

The rate of the pores occupying the powder was 1 5 % of the particle surface area, and was 5 % of the particle vol- 
ume, respectively. The same result as the treatment with the hot KOH aqueous solution was obtained by reaction and 
evaporation of the segregation in the atmosphere of chlorine gas or fluorine gas. Hydroxypropylmethylcelurose was 

io added to this as a binding agent, foamed nickel substrate was filled and subjected to roller press to obtain a metal 
hydride electrode of a specified thickness. The electrode of the paste type using 95 % porosity of foamed nickel for the 
electrode substrate was used for the nickel electrode. 

Closed type nickel-metal hydride batteries of the size AA cell type were manufactured by these electrodes. Fig. 3 
shows the construction. The positive electrode and negative electrode were manufactured by winding together with the 

is separator of the non-woven cloth made of the polypropylene resin of a thickness of 0.1 7 mm. 

The wound electrodes were disposed in a cell casing. A small quantity of lithium hydroxide was added to an elec- 
trolyte of an aqueous solution containing 31 wt % of potassium hydroxide. The cell capacity was designed as 1400 
mAh. The cell was charged by 1 50 % of the capacity in 0.3 CmA to 3 CmA at room temperature. After keeping it for one 
hour, the cell was discharged until 1 .0 V of the end voltage in 0.2 CmA and 3 CmA. 

20 Setting a discharge capacity to 100 wherein the discharge capacity of a cell after charging it at 0.3 CmA and dis- 
charging it at 0.2 CmA is measured, a ratio of the discharge capacity of a cell after charging it at 3 CmA and discharging 
it at 0.2 CmA, and a ratio of the discharge capacity after charging it at 0.3 CmA and discharging at 3 CmA were meas- 
ured, respectively. The discharge capacity of the cell was 1450 mAh at the 0.2 CmA discharge after the charge at 0.3 
CmA. and the cycle We of the eel was 520 times. 

25 When the cell is charged at 0 3 CmA, and is fast discharged at 3 CmA, a discharge capacity of 95% was obtained. 
When the cell is charged at 3 CmA and is discharged at 0.2 CmA, a discharge capacity of 95% of the full discharge 
capacity (1450 mAh) was obtained This cell was able to discharge for 15 minutes or more at the output of 580 W/I, and 
was able to discharge at the 200 WA by 90 % or more of the discharge capacity when charged at 300 W/I. 

30 (Comparative example i) 

As a negative electrode, the hydrogen storage metallic alloy (Ti 0 .2 Zr o.8 N H.i Mn o.6 v o.2 all °y) was used - ^ e al, °y 

components were melted at a temperature between 1 100 and 1500 °C and was subjected to homogeneous treatment 

for 3 to 10 h at 1050 °C in argon gas atmosphere. 
35 The alloy was crushed to particles of an average particle size of 50 micron. The surface of this alloy was analyzed 

by using SEM-WDX. While the second phase of the Ti and Ni was formed, the segregation phase was not detected. 

Fig. 4 shows the distribution state The dissolution was attempted in the same condition as example 1 . 

Fig. 5 shows that there was not appearance of the pores by the dissolution. Similarly with example 1, an electrode 

was manufactured. The closed type nickel -metal hydride cell of the size AA cell type was manufactured, and the dis- 
<o charge capacity of the cell was measured. The discharge capacity of the cell was 1410 mAh when it discharges at 0.2 

CmA after charge at 0.3 CmA. and the cycle life was only 380 times. The discharge capacity of the ceil was 45 % at the 

time of 3 CmA discharge and was 56 % at the discharge capacity at 3 CmA. 

(Comparative example 2) 

45 

As a negative electrode, the metallic alloy for hydrogen storage Ho aZro.eNi-uMno.eVo^ was used - As same as 
comparative example 1. the alloy powder of 50 micron average particle size was manufactured. The hydroxypropyl- 
methylcelurose was added to the powder as a binding agent to fill the foamed nickel substrate, and it was molded to a 
specified thickness by the roller press while applying a pressure. 100 Microns holes were opened on both sides of the 
so molded body at a rate of 100 / cm 2 to this molded body, and the electrode was prepared. 

Similarly with example 1 . the closed type nickel-metal hydride cell of the size AA cell type was manufactured, and 
its discharge capacity was measured. The discharge capacity at 0.2 CmA after the charge at 0.3 CmA was 1250 mAh, 
and the cycle life was only 325 times. The discharge capacity at 3 CmA was 72 %, and the charge capacity at 3 CmA 
was 70 %. 

55 

(Comparative example 3) 

As a negative electrode, the metallic alloy for hydrogen storage TrO.22rO.8Ni1 .1 Mn0.6V0.2 was used. It was done 
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10 



15 



20 



25 



C^riZXl^^'r T? 8 1 ■ and ^« grain of 50 micron average grain size was manufactured The 

lariy with e^rotei^jS^ ^55 ^ ? * "? S pressure - molded to a ****** thickness by the roller press. Simi- 

ch^rgTcaSTwi meatH Thl Z££T* ^ V *• M 081 tyP6 W8S manufactured - ^ the dis- 

and the cSX^TSSSIi ? d ' S ^ ha J 9e Capacrty at 0 2 CmA afte ' charge at the 0.3 CmA was 1350 mAh 
and the cycle Irfe was 383 tones. It was 72 % at the discharge of 3 CmA and 68 % capacity in the charge in the 3 Cm 

[Example 2] 

was^m'a^t^uTbT^rS I^^g °f°<* «~ USed as a ne ** ve ™s alloy 

to 10 h at 800 -C in Ztgtr ^ a^S °' *" ^ ^ SUbjeCted t0 hom °9 e "^ treatment for 3 

a^usl^S^ ^ * 5 ° ^ » e «** of this 
♦^ds^grega^^^ 

are 150 mAh/g and 200 mAh/q resoertS h^k ' Thedischarae capacrtiesof TiNi and Ti 2 Ni 
was 330 mAH?g. The cLTarge'ca^ 

(mother phase) / (TiNi) was 1 .65, Yespecfively. ° ' discharge capacity ratio of 

fractSTof %Ni Stdlhemo^nr 6 ^f^? 9 *" w ° btained from the dement of the x-ray dif- 
ratio of the e^anl on TeW>Z oH moTher^ 10% ' 18 % ' 2 a " d 22 % ' ^-'V The 

phase )/ Ti2Ni was 1 2? ( P 6> /(TiN ° Wa8 and ratio <* «P*«lon coefficients of ( mother 

SO % ?!?fXSSr? r d^2 e 4 , a ? s CmA 95 % >"« » °Mr under <*a w at 3 CmA was 

w /o. i ne ceii was possible to discharge for 15 minutes at 580 W/I. 

(Comparative example 4) 

nkLinSaT !K22S?J? fST ? m ' Cr ° nS SVera9e Size ' Ukewise ^ ** dosed^pe 

d^XfcSact «t th?^^ ^ manufaCtured " «* ^discharge capacrty was measured 
cycle 2 w5 iS X ^£L™ S t ar9e 81 0 2 CmA after *• CharBe * 0 3 CmA was 1 1 50 mAh. and the 
so JcharginTatT^nT 9 * * diSChar9e 31 3 CmA was 72 % and was 68 % at the time 

[Example 3] 

grapSe £5?J£ST^ 2 S^JTrff *' T USed 38 a ne9ative e,ectrode - ^ -rage grain size of the 

obtain desired p!^S«2E225£T h . ° Under The "' the Qraphite P° wder ™ s ^hed to 

rinsino in^^T^w J?. ^ ? '° d,ssolu,,on treatment for 2 h at 70 «C in nitric acid aqueous solution and 
nnsmg ,n water, the powder was analyzed by using SEM-WDX. The pores of 0.01 to 0.05 micron average grain size and 
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trace of the copper were confirmed. 

In other than the dissolution processing in the hot KOH aqueous solution, the same result was obtained by reacting 
the deposit phases, thereby to evaporate in the stream of chlorine gas or fluorine gas to form the deposition phase. The 
fluorine containing binder was added to the graphite powder, and it was coated on the copper foil. The coating and the 

5 copper foil were molded by the roller press to obtain the carbon electrode of the predetermined thickness. 

The electrode in which IJC0O2 is the principal component was used as a positive electrode. By using these elec- 
trodes, the closed type lithium cell of the size AA battery type was manufactured to measure its discharge capacity. The 
battery capacity was designed as 600 mAh. The discharge capacity under the discharge at 0.2 CmA after the charge 
at 0.3 CmA was 650 mAh, and the cycle life was 520 times. 92 % of discharge at the discharge of 3 CmA and 89 % of 

10 discharge capacity at the charge of 3 CmA were obtained. And, 1 5 minutes or more of discharge at the output of 580 
W/l was possible. 

(Comparative example 5) 

15 The graphite powder was used as a negative electrode. The average grain size of the graphite powder was 0.1 
micron or less. The graphite powder was heat-treated for 5 h at 3000 °C under mixing. The surface of the graphite pow- 
der was analyzed by using SEM-WDX. While dissolution processing was done in the same condition as example 2. the 
pores were not observed. 

The fluorine containing binder was added to the graphite powder, and was applied on the copper foil. Then, the 
20 coating and the copper foil were molded by the roller press to obtain the carbon electrode of the predetermined thick- 
ness. The electrode of which principal component is LiCo0 2 was used as a positive electrode. By using these elec- 
trodes, the closed type lithium cell of the size AA battery type was manufactured, and the discharge capacity was 
measured. 

The battery capacity was designed as 600 mAh. The discharge capacity at discharge of 0.2 CmA after the charge 
25 at 0.3 CmA was 550 mAh, and the cycle life was 420 times. 72 % of discharge capacity at the discharge of 3 CmA and 
69 % of discharge capacity at the charge of 3 CmA were obtained. 

[Example 4] 

30 The graphite powder was used as a negative electrode. The average grain size of the graphite powder is 0.1 micron 
or less, and 0.2 weight % of the copper powder of 0.01 micron grain size was added to the graphite powder, and then 
the mixture was heat-treated for 5 h at 3000 °C under mixing. The mixture was crushed, and the grain of the present 
invention was obtained. 0.2 weight % of silver powder having a particle size of 0.01 micron was mixed with the graphite 
powder by the ball mill under the condition of 250 rpm. 

35 By the mixed solution of 2 wt % formal in aqueous solutions and 5 wt % of aqueous ammonia solutions, the mixture 
was subjected to dissolution treatment for 2 h at 60 °C. It was confirmed by SEM-WDX that there were the pores of 0.01 
to 0.05 micron average grain size, a trace of copper and deposit of silver. 

The fluorine containing binder was added to the mixture, it was applied on the copper foil. The coating and the cop- 
per foil were molded by the roller press to obtain the carbon electrode of the predetermined thickness. The electrode of 

40 which principal component is LJC0O2 was used as a positive electrode. By using these electrodes, the closed type lith- 
ium celt of the size AA battery type was manufactured, and the discharge capacity was measured. The battery capacity 
was designed as 600 mAh. The discharge capacity at discharge of 0.2 CmA after the charge at 0.3 CmA was 680 mAh, 
and the cycle life was 570 times. 94 % of discharge capacity at the discharge of 3 CmA, and 91 % of discharge capacity 
was obtained at the charge of 3 CmA, and 15 minutes or more of discharge at 580 W/I was possible. 

45 When disassembling the cell and observing the carbon grain by SEM, several fine cracks were observed in the sil- 
ver grain. From the measurement by X-ray diffraction result, the peak of LiAg was observed. The expansion coefficient 
of Ag at this time was 18%, and the expansion coefficient of the carbon was 25 %. The discharge capacity of Ag alone 
was 150 mAh/g, and the discharge capacity of carbon of the mother phase was 370 mAh/g. The discharge capacity 
ratio of (mother phase) /(Ag) was 2.47. The ratio of the expansion coefficients of the lattice volumes after charging of 

so (mother phase) /(Ag) obtained by the measurement by X-ray diffraction was 1 .39. 

[Example 5] 

The lithium-cobalt oxide was used as a positive electrode. This was crushed to the oxide of 1 micron or less aver- 
55 age grain size. 0.2 Weight % of Al powder having 0.1 micron grain size was added to the oxide powder and the mixture 
was heat-treated for 5 h at 300 °C under mixing. This mixture was crushed to obtain of the desired powder. After sub- 
jecting the powder to dissolution treatment with the aqueous solution of KOH at 2 h for 70 °C. the powder was rinsed 
with water, and then it was analyzed by using SEM-WDX. ft was confirmed that the particles had the pores of the aver- 
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age grain size 0.2 micron. 

mentfcn 6 ^^ « ^ne gas to evaporate it. and me same result as 

foi,< jkesS^^ *• was on " 

designed as 600 mAh The 1 °° e *\ ,ts dischar 9 e capacity was measured. The battery capacity was 
the cySe S was^tini ^S hS^ * dm ?T a * rt ° 2 ^ aftef the 31 0 3 ^ was 71cK £S 
the charge ofTS^forSiL S^XS^!! /sparge of 3 CmA. and 80 % of discharge capacity in 
, were oDiainea, and 15 minutes or more discharge at an output of 580 W/I was possible. 

(Comparative example 6) 

averS ZZ^^^^V^*^^ ^ ™ » th * of 1 micron or ,ess 

byth^p^r^ 

carbon negative elec*od^wasuseJ TTh?^J ^1 the predetermined thickness. As a negative electrode, the 

these elecJodes «*£ 'ZZZZ^l ^ m 06,1 S ' Ze type was manufactured by using 

ofO^CmAatr^^f^ 

the discharge ofSCrnA/ndS^r^^ 

[Example 6] 

age SfrfSTS SJSS of?? I^JS"!!" ^^f^' ™ S WaS en " had t0 •» PQwder ° f 1 --on or .ess aver- 
for 1?h at 370 -C Sntx^ T^Z^TZT* 15 ? V ^ 8dded t0 P^^and heat-treated 
jecting this to the dhSStor Th^t TO ™T a iTwtTS, a ° n 0 " 3 '" ^T" ° f * -Wd PartiC ' e Si2e - After sub " 
was processed for 1 hour at Z -r Jfm? J?J? 7* % ^ aqueOUS s 0 ' 0 " 0 " 3 rinsing it with water, the powder 
by using SwDX SST tSe^er^ oTJ ^S? ^ W""**™** ^ dimethoxyethane. It was analyzed 
mother phase of U^v^^O S^werXmed ° ^ ^ ^ ° f ° 1 miCr ° n ' the tn ~ ° f * and the 
were^SS bAh'^e^^^ ^ ™ the A. foil. The coating and the copper for, 

bon negative electrode waT^S ^2 m 5 ° f 1,16 P redetermina °" thickness. As a negative electrode, the car- 
these Sec^^ Wh,um ceU of the size AA battery type was manufactured by using 

charge c^^^SS^^S^^T^^^^ wa * designed as 600 mAh. lie dis 

88 % "of dSharae Z acrtv ^t d^S^S r ! ^ ° f 0 3 CmA was 750 mAh - life was 640 times, 

and 15 minutest r Z^ZZZ^* a ™?5 % °* discharge capacity at charge of 3 CmA were obtained, 
SEM observation oTSie aSlSZXl J? WaS When disas sembling the cell and doing the 

by X-ray diffraction resuMhep^" ZyO^ZT^ ** V "* ^ 

^s^rcsXg^ 

phase was ISO m A iZ -rV^f * 6 UxVy ° 2 by tee,f was 50 mAn/ 9- and the discharge capacity of the mother 
ray diffraction) is 1.43. 1 ^ Pn9Se; after charge obtained from the measurement by X- 
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ratiooKhavtgTh: SS^^S^rf ^ " 8 0 01 from 01 in *• « 

manner as in example 1 of 10 to 0. 1 micron was added to the alloy to produce an alloy in the same 

formed l^T^tTn™ "2 ™ C ™ flMlMh * ^ 83,116 as in — ™P«« "'■ the pores were 

same tm^^S^S^Z^ t0 °' 4 mi I° nS ^ * ™ S ° ° f 9rain s ' 2e of ^ »" * e 

of the size AA SZ w tas HJES, ^T!?^ ! ° aSS6mble •» dosed nicke.-metal hydride cel. 
electrode was Snufac^T*^^^ ^ ' V e discharge measured. As same as example 1 . the 

and the SSLS££R£ n,Cke '* m ^ ^ Ce " 01 *" SiZe " was -an^actured. 

Fig. 8 shows relationship between the average grain size of the pores and the ration of the discharge capacity at 
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the charge of 3 CmA against the discharge capacity of 3 CmA. The discharge capacity of discharge at 0.2 CmA after 
the charge of 0.3 CmA was 1 100 to 920 mAh. and the cycle life was 680 to 500 times. The discharge capacity of the 
cell was 95 to 75 % at discharge of 3 CmA. and the discharge capacity at discharge of charge of 3 CmA was 98 to 75%. 
This cell was possible to discharge for 1 5 minutes or more at an output of 580 W/l. The mean diameter of the pores was 
5 1/5 to 5/50 of the average grain size of the alloy, and the cell had the large discharge capacity. 

(Comparative example 7) 

The metallic alloy for hydrogen storage (Ti 0 .22o.8N'i .i Mn o.6 v o.2) was used as a negative electrode. An atomic ratio 
io of 0.1 of boron powder having 0.05 micron average grain size was added to this alloy, and likewise with example 1 , an 
alloy was manufactured. The alloy was crushed to the grain of 50 micron average grain size. As same as in example 1 , 
the pores were was formed in the electrode. The mean diameter of the pores was 0.3 microns or less ( smaller than 
1/150 of the average grain size of the alloy). 

As same as in example 1 , the electrode was manufactured, and a closed type nickel-metal hydride cell of the size 
is AA battery type was manufactured to measure the discharge capacity. 

Fig. 8 shows the relation between the mean diameter of the pores and the capacity ratio of the discharge capacity 
at the charge of 3 CmA to that at the discharge of 3 CmA. The discharge capacity at discharge of 0.2 CmA after the 
charge of 0.3 CmA was 950 to 910 mAh, and the cycle life was 520 to 480 times. But, the discharge capacity at the 
discharge of 3 CmA was 45 to 65 % and the discharge at the charge of 3 CmA was 55 to 68%. 

20 

(Comparative example 8) 

The hydrogen storage alloy (Ti 0 .2^o.8 N kiMno.6 v o.2) was used as a negative electrode. An atomic ratio of 0.1 of 
boron of 15 microns average grain size was added to the alloy. As same as in example 1 , the alloy was manufactured. 
25 The alloy was crushed to the grain of 50 microns average grain size. 

Likewise with example 1. the pores were formed in the alloy. The mean diameter of the pores was 30 microns or 
more ( larger than 1/2 of the mean grain size of the alloy). Likewise with example 1 , the electrode was manufactured, 
and the closed type nickel-metal hydride cell of the size AA battery type was manufactured to measure the discharge 
capacity. 

30 Fig. 8 shows relationship between the mean diameter of the pores and the ratio of discharge capacity at charge of 
3 CmA against the discharge capacity of the discharge of 3 CmA. The discharge capacity at discharge of 0.2 CmA after 
the charge of 0.3 CmA was 970 to 920 mAh, and the cycle life was 500 to 450 times. The discharge capacity at the dis- 
charge of 3 CmA was 45 to 63 %, and the discharge capacity at the charge of 3 CmA was 66 to 48%. 

35 [Example 8] 

A hydrogen storage alloy (Ti 0 . 2 2ro.8Ni 1 .iMn 0 6 V 0 2 B X (x = 0.01 to 0.8) was used as a negative electrode, and the 
pores were formed in the alloy, as same as in example 1 . The rate of the pores was 5 to 80 % to the grain surface, and 
the rate of grain volume was 0.2 to 60%, respectively. Likewise with example 1, the electrode was manufactured, and 
40 the closed type nickel-metal hydride cell of the size AA battery type was manufactured to measure the discharge capac- 
ity. 

Fig. 9 shows relationship between the rate of the sectional area of the pores against the grain surface area and the 
ratio of the discharge capacity at charge of CmA with respect to the discharge capacity at discharge of 3 CmA. 

Fig. 10 shows relationship between the rate of the volume of the pores against the grain volume and the ratio of the 
45 capacity at charge of 3 CmA against the discharge capacity of 3 CmA. The capacity at discharge of 0.2 CmA after the 
charge of 0.3 CmA was 1550 to 1420 mAh, and the cycle life was 580 to 430 times. 95 to 75 % of discharge capacity 
was obtained at the discharge of 3 CmA, and 98 to 75 % of discharge capacity was obtained at the charge of 3 CmA. 

When the rate of the pore surface to the grain surface area is 1 0 to 50 % or when the rate of the pore volume to the 
grain volume was 1 to 40 %, the discharge capacity was especially large. 

so 

(Comparative example 9) 

The hydrogen storage alloy fTio^ZrosNij iMn 0 6 V 02 B X (x = 0.001 to 0.005.) was used as a negative electrode. 
Likewise with example 1 , the pores were formed in the alloy. The rate of the pore area to the grain surface area was 0.3 
55 %, and the rate of the pore volume to the grain volume was 0.1 %. By using this material, as same as in example 1 . the 
electrode was manufactured. The closed type nickel-metal hydride cell of the size AA battery type was manufactured to 
measure the discharge capacity. 

Fig. 9 shows relationship between the rate of the sectional area of the pores to the grain surface area and the ration 
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° f ^ 'T* 6 T* 81 Chaf9e ° f 3 CmA t0 diSCharfle - 3 CmA. 

charge of 0.3 CmA was 1400 mAh and >2%S£ I J* CapaClty a1 d,schar 9e of 0.2 CmA after the 

CmAand55%of<«scha W 

(Comparative example 10) 

was 90%. and the rate of the pore volume to T ** SeCt, ° nal area of the P° res t0 1,18 Orain surface area 

1. the electrode was manufacTi ^X^S^S? U * 9 ** aS Same as ln «■»»*» 

ufactured to measure the discharge capacrty ^ ™*"-™w hydr.de cell of the size AA battery type was man- 

^cts^?^ 

1 120 mAh. ana the cycle life wHoo ""^ 01 ° 2 CmA **" ** °* 00 CmA was 

change capa<% a. Jchame "o^^Stl* ^ """^ « «•• °* 3 CmA and 60 % of dis- 

[Example 9] 

se^r^esr^ «• 1 -e used as negative erodes. The 

contained in the segregation phases was % oTn^e ' ' ' ^ B ' M9 ' M °' W ' Zr " K Na ' U ■ Ni and * 

electrodes were manuLLed S ££«2 S£2Lj^T^ a " 0yS Water ' as same as in example 1 the 
discharge capacity of the^was nteTsur^ ^ n,cke, - metal «■ of the size AA battery type. The 

to 1 ™mAh^ CmAafter the charge of 0.3 CmA was 15,0 

3 CmAand 98to 88 ^fc^ 
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[Example 10] 

powder. Mixing the mixture ^SS^^^J^^JT^ h ^ 2 W3S t0 «* 
the present invention was chained heat-treated. Then, the -nocture was crushed, and the powder of 

cien«Tw^ 2 £ZT™ ° C Wfth * e n * ric «* —*» and suffi- 

0.01 micron were taSSfihJ ^a^S^Z,*« ^'iT the P°«* of the average size 

Pie 3. and the discharge caSct^^r^ AA battery type was manufactured likewise with exam- 

°<3CmA.anditw*s85to79 % ofthed^ 
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(Comparative example 11) 

the mixture for 5 h at 30u?S H 2« hi* ♦ 22? J?" ' S equ,va,ent to 55 wei 3 nt % of the powder was added. Mixing 
nitric acid aqueous^on H tT^ZT' * 'S.'S**" t0 ** disSO,Ution freatment 2 h at 70 -C with 
the av eraoe « rai „ ei 7: n " :r_^ " ^ Dy «"* SEM-WDX that after sufficientiy washing in water, the pores of 

battery type was manufactured f *** 6Xamp ' e 3 " 1he dosed "urn cel. of the size AA 

the 0.3 CmA and afbTc^A 2 T,^ lh »**-»- after me charge in 

64 %. and the discharge at 3 CmA wTs S 7 to 72 ^ '* 38 ° 1,16 Charge at 3 CmA was 55 to 

(Comparative example 12) 

agegTa^S'o^e;"^ This was crushed to the powder of 0.1 micron or .ess aver- 

ui we.gnt Act 0.01 m.crons .ran powder were added to this powder. Mixing the mixture for 5 h at 3000 
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°C, it was heat-treated. This was processed *(the dissolution) for 2 hours in 70 degrees in centigrade by the nitric acid 
aqueous solution. 

it was analyzed by using a sufficiently flushed back SEM-WDX and confirmed that that the pore of the average 
grain size 0.004 micron was formed. The closed type lithium cell of the size AA battery type was manufactured likewise 
5 with example 3, and the discharge capacity was measured. The discharge capacity at 0.2 CmA discharge after the 
charge at 0.3 CmA was 670 mAh, and the cycle life was 280 times. 55 to 69 % was at 3 CmA charge and 57 to 72 % 
was at 3 CmA discharge. 

[Example 11] 

10 

The conductive polymer material (polyacetylene powder) was used as a positive electrode. This was crushed to the 
powder of 0.1 micron or less average grain size. Adding 0.2 weight % of 0.05 micron powder shown in Table 3 was 
added thereto and the mixture was mixed for 5 hours at 300 to 500 °C, and the mixture was heat-treated. Then, it was 
crushed to obtain the powder of the desired grain size. This powder was subjected to the dissolution treatment for 2 
is hours at 70 °C with the nitric acid aqueous solution. The powder was analyzed by using SEM-WDX after sufficiently 
rinsing with water and confirmed that the pores of the average grain size 0.08 micron were formed. 

When reacting in the flow of chlorine gas or fluorine gas with the deposition phase to evaporate, the same result 
also was obtained. The fluorine containing binder was added to this, and it was applied on the Al foil. The electrode of 
the predetermined thickness was obtained by the roller press. As a negative electrode, the carbon negative electrode 
20 was used. The closed type lithium cell of the size AA battery type was manufactured by using these electrodes, and the 
capacity was measured. The battery capacity was designed as 500 mAh. 

Table 3 shows the result. The capacity of the 0.2 CmA discharge after the 0.3 CmA charge was as high as 640 to 
570 mAh, and the cycle life is long with 670 to 490 times. 91 to 81 % capacity was obtained in the discharge of 3 CmA, 
and 87 to 78 % capacity was obtained in the charge of 3 CmA. 

25 



Table 3 



30 



40 



Additives 


After 0.3 CmA charge, 
discharge at 0.2 CmA 
(mAh) 


Cycle life (Number) 


Discharge capacity at 3 
CmA discharge (%) 


Discharge capacity at 3 
CmA charge(%) 


Fe 


610 


520 


| 91 


87 


Ni 


640 


500 


88 


84 


S 


| 620 


490 


82 


86 


Si 


640 


500 


85 


87 


Sn 


600 


510 


84 


85 


U 


570 


670 


81 


84 


Na 


570 


620 


83 


79 


K 


580 


600 


84 


78 


Pb 


570 


610 


82 


85 


FeOx 


590 


600 


91 


78 


NiOx 


600 


490 


81 


80 


SiOx 


620 


500 


85 


84 


SnOx 


590 


550 


86 


87 


UOx 


600 


520 


86 


86 


PbOx 


590 


550 


82 


79 



55 [Example 12] 

The conductive polymer material (polyacene powder) was used as a negative electrode. This was crushed to the 
powder of the average grain size of 0.1 micron or less. 0.2 Weight % of the powders (0.01 microns) shown in Table 4 
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water. . was confirmed that * e pores of 0.0 2 

Phase to evaporate, and the same result was^bton^^ 

on the copper foil, the coating and STSi 1SJ5E 9 ^ W8S a<Wed to ** * was ^ 

predetermined thickness. The electrode of whS^T^ V °" er press t0 manufa <*"e the electrode of the 
Cosed type lithium cel. of the JSSfS Jryt£ ™ ".SS^V*^ ^ UMd 38 3 ^ electrod * The 
measured. The battery capacity was Sgn JSZT^ * e,ectrodes ' capacity was 

^^argea,3CmA.ar*^^^ 
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[Example 13] 

"C/min. and was annealed^ a^^h^rsTsiTo SnT^f - ^ O00Bn8 Speed of from 001 5 'C/min.to 0.5 
of 50 micron or less average grain size anl £ ? ^ hed u ^ a,l °y- ™s was crushed to the powder 
with nitric acid aqueous solution ft w^s conft^^lT ^! ^ t °J h ° disso<ution *««ment for 2 hours at 70 °C 
diameter were formed, after ^^S^SS^^S ^ ** ** 2 ^ mean 

the Ix^CiTT^S^SSS^ !2E " ,IUOrine 988 *™ ■* *• *— of 

and the copper foil were mddeS b EJ3EX!?fiE SS? Tk' "~ ^'^ ° n *• 

The electrode whose principal componert S'r!S ^ "t? 6 °' * he P rede,ermi "ed thickness was obtained, 
lithium cell of the size AA batte^e^s rSan^^T T * e,ectrode was «*• The closed type 

measured. The battery capacity ilKSKSSSS i ^ ^ 

Bmes ' 11 was 91 to 85 % of the discharge capacity in the dis- 
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charge of 3 CmA. and it was 98 to 88 % of the discharge capacity at the charge of 3 CmA. 



Table 5 



Maanives 


Atter o.o omA charge, 
discharge at 0.2 CmA 
(mAh) 


Cycle life (Number) 


Discharge capacity at 3 
CmA discharge (%) 


Discharge capacity at 3 
CmA charge (%) 


Si-Ni 


760 


510 


91 


98 


Ge-Si 


720 


530 


90 


90 


Mg-St 


700 


480 


85 


91 


Si-Ni-Ge 


750 


480 


88 


88 


Si-Ni-Mg 


700 


500 


91 


90 


Si-Ni-Mn 


720 


510 


90 


88 


Si-Ni-Cu 


750 


480 


88 


95 



[Example 14] 

The oxides and sulfides shown in Table 6 were used as the positive electrode. The positive electrode materials 
shown in Table 6 were crushed to the powder of 1 micron or less average grain size. 0.2 Weight % of the additive pow- 
ders having 0.1 micron shown in Table 6 were added to the above positive electrode material powders. The mixed pow- 
der was heat treated for 5 hours at 900 to 300 °C. The heat treated powder was crushed to produce the powder of the 
desired grain size. This was subjected to the dissolution treatment for 2 hours at 70 °C with nitric acid aqueous solution. 
It was confirmed by analyzed by using SEM-WDX that the powder had the pores of 0.2 micron mean diameter. 

The chlorine gas stream or fluorine gas stream was reacted with the deposition phase to evaporate to obtain the 
same result. The fluorine containing binder was added to this, then it was applied on the copper foil. The coating and 
the copper foil were molded by the roller press to produce the electrode of the predetermined thickness. 

As a negative electrode, the carbon negative electrode was used. The closed type lithium cell of the size AA battery 
type was manufactured by using these electrodes, and the capacity was measured. The battery capacity was designed 
as 600 mAh. 

Table 6 shows the result. The discharge capacity when discharged at 0.2 CmA after the charge of 0.3 CmA was as 
high as 770 to 680 mAh, and the cycle life is long with 640 to 490 times. The cell had 90 to 81 % of the discharge capac- 
ity in the discharge at 3 CmA, and had 85 to 78 % of the discharge capacity in the charge at 3 CmA. 
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[Example 15] 



The hydrogen storage alloys induing 2 kinds of phases shown in Tahle 7 were used as a negative electrode. 
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Boron was added to the alloys of 1 wt %. The methods of manufacturing the alloys were the method of the dissolution, 
the mechanical alloying method, the method of mechanical grinding, the molten metal quenching method, or the 
method of the atomization. The obtained alloys were heat-treated at a temperature of 650 to 1 100 °C. 

These alloys were subjected to the dissolution treatment for 1 to 50 hours at 60 to 100 °C with KOH aqueous solu- 
tion, and the alloys were rinsed with water. The formation of the pores of the purpose was confirmed. Likewise with 
example 1 , the electrode was manufactured, the closed type nickel-metal hydride cell of the size AA battery type was 
manufactured, and the capacity was measured. 

Table 7 shows the result. The discharge capacity when discharged at 0.2 CmA after the charge of 0.3 CmA was as 
high as 1 560 to 1 400 mAh, and the cycle life was long as 1 020 to 880 times. The cell has 97 to 77 % of discharge capac- 
ity in the discharge at 3 CmA, and had 98 to 79 % of discharge capacity of the charge at 3 CmA. It was confirmed that 
the minute cracks were observed when disassembling the cell and observing the electrode with SEM. 
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[Example 16] 

The carbon materials including 2 kinds of phases shown in table 8 were used as a negative electrode. 1 Weight % 
of boron was added to these materials, and the materials were heat-treated at a temperature of 550 to 2600 °C. The 
materials were subjected to the dissolution treatment for 1 to 50 hours at 50 to 100 °C with the mixed solution of KOH 
aqueous solution and sodium hydroborate aqueous solution. The materials were processed for 1 to 50 hours at 30 to 
60 °C with the mixed solution of the propylene carbonate and the dimethoxyethana The formation of the desired pores 
was confirmed. Likewise with example 3, the electrode was manufactured, the closed type lithium cell of the size AA 
battery type was manufactured, and the capacity was measured. 

Table 8 shows the result The capacity when discharged at 0.2 CmA after the charge at 0.3 CmA was as high as 
830 to 61 0 mAh, and the cycle life was as long as 980 to 780 times. The cell had 93 to 83 % discharge capacity of the 
discharge at 3 CmA and had 95 to 86 % discharge capacity of the charge at 3 CmA. 

It was confirmed that the minute cracks were formed when disassembling the cell and observing the electrode with 
SEM. 



Table 8 



rirsT pnase 


Second phase 


0.3 CmA charge - 
0.2 CmA dis- 
charge (mAh) 


Cycle life 
(Number) 


3 CmA discharge 
(%) 


3 CmA charge (%) 


graphite 


Ag 


800 


930 


91 


88 


graphite 


Sn 


660 


820 


88 


89 


graphite 


Pd 


760 


870 


93 


95 


graphite 


Ga 


690 


880 


88 


89 


graphite 


In 


780 


860 


89 


91 


graphite 


Ag-ln 


770 


900 


84 


92 


graphite 


Sn-Ga 


830 


940 


87 


94 


graphite 


polyaniline 


810 


920 


86 


91 


graphite 


Ag-Cu 


790 


850 


83 


89 


amorphous C 


Ag 


670 


840 


90 


94 


amorphous C 


La 


690 


790 


89 


95 


amorphous C 


Pd 


800 


920 


91 


89 


amorphous C 


polyacene 


650 


980 


91 


87 


amorphous C 


polyaraphenylene 


640 


820 


93 


89 


amorphous C 


In 


610 


780 


90 


86 



[Example 17] 

The oxides including 2 kinds of phases shown in Table 9 were used as a positive electrode. 1 Weight % of boron 
was added to these materials, and the materials were subjected to heat treatment at 250 to 600 °C. The materials were 
processed for the dissolution treatment for 1 to 50 hours at 50 to 100 °C with acetic acid aqueous solution. The forma- 
tion of the desired pores was confirmed. Likewise with example 3. the electrode was manufactured, the closed type lith- 
ium cell of the size AA battery type was manufactured, and the capacity was measured. 

Table 9 shows the result The discharge capacity when discharged at 0.2 CmA after the charge at 0.3 CmA was as 
high as 810 - 680 mAh. and the cycle life was 820 to 580 times. The cell had 95 to 80 % of discharge capacity of the 
discharge at 3 CmA, and had 98 to 82 % of discharge capacity of the charge at 3 CmA. It was conf irmed that the minute 
cracks were formed when disassembling the cell and observing the electrode with SEM. 
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[Example 18] 

A hydrogen storage alloy of which composition is Nb 01 Zr 0 9 Ni 1 A Mn 0 6 V 0 ^Co 0 A B 0 03 was used as a negative elec- 
trode. The method of manufacturing the alloy is the following. The alloy powder was sprayed by the method of the atom- 
ization in the Ar gas atmosphere ( method of gas atomizing) into which the oxygen of 10 to 1000 ppm was mixed, and 
then was subjected to heat treatment at 650 to 1 100 °C. When observing this section with SEM, several pores were 
confirmed. The formation of the coating consisting of oxygen and Zr when analyzing the composition of the pores was 
confirmed. 

Likewise with example 1 , the electrode was manufactured, the closed type nickel-metal hydride cell of the size AA 
battery type was manufactured, and the capacity was measured. The discharge capacity when discharged at 0.2 CmA 
after the charge at 0.3 CmA was as high as 1540 mAh, and the cycle life was as long as 1080 times. The cell had 97 
% of discharge capacity of the discharge at 3 CmA, and had 89 % of discharge capacity of the charge at 3 CmA. ft was 
confirmed that the minute cracks were formed when disassembling the cell and observing the electrode with SEM. 

[Example 19] 

An example of applying the combined cells of examples 1 - 18 to the voice card system is shown. Fig. 1 1 shows an 
example of the guidance system using the voice card. Fig. 12 shows an example of the construction schematic view of 
the server and the card. Fig. 13 and Fig. 14 show an example of the PC card. The voice card system was composed of 
the voice card having a semiconductor memory and audio regeneration function and a server storing the compressed 
digital audio data. 

The secondary batteries of examples 1-18 were installed in the server. The capacity of the used secondary bat- 
teries was 2-10 Wh. And, the charging time was for 30 minutes. The longest operation time of the server at this time 
was 5 to 50 hours. The ratio of the longest operation time against the charging time was 10-100. And. the secondary 
batteries of examples 1-18 were installed in the PC card. The capacity of the secondary battery was 0.5 Wh. The 
charging time was 30 minutes. 

The longest operation time of the PC card at this time was 50 to 100 hours. The ratio of the longest operation time 
to the charging time was 100 - 200. 

(Comparative example 13) 

Likewise with example 19, the secondary battery of comparative examples 1-12 was installed in the server. The 
capacity of the used secondary battery was 2-10 Wh. The charging time was 1 hour. 

The longest operation time of the server at this time was as short as 0 to 8 hours. Most of cells took place the liquid 
leak and did not make the normal discharge. The secondary batteries of comparative examples 1-12 also were 
installed in the PC card. The capacity of the used secondary battery was 0.5 Wh. The charging time was 1 hour. 

The longest operation time of the PC card at this time was the 0 to 9.5 h, and the ratio of the longest operation time 
to the charging time was 0 to 9.5. Most of cells took place the liquid leak and did not make the normal discharge. 

[Example 20] 

The TFT circuit substrate in which a 5 inch liquid crystal display panel, a high-speed bus interface, a drawing con- 
trolling circuit, a display interface, a synchronous control, a field memory storage comptroller, a circumference circuit for 
the panel driving and a field memory storage were integrated was manufactured. 

The secondary batteries of examples 1-18 were mounted on the rear side of the substrate. The display of the 
reflection mode type was used for the liquid crystal display panel. The diagram of the TFT circuit substrate is shown in 
Fig. 15. The liquid crystal display system was manufactured by using this. The capacity of the used secondary battery 
was 30 - 85 Wh. The charge time was for 30 minutes at 60 to 1 70 W. 

The longest operation time of the display at this time was 40 to 1 00 hours. The ratio of the longest operation time 
to the charging time was 80 - 200. 

(Comparative example 14) 

Likewise with example 20. the secondary battery of comparative examples 1 - 12 was mounted on the rear side of 
the substrate. The liquid crystal display system was manufactured using this. The capacity of the used secondary bat- 
tery was 30 - 85 Wh. The charging time was 30 minutes at 60 to 1 70 W. 

The longest operation time of the display at this time was as short as 0 to 4 hours, and the ratio of the longest oper- 
ation time to the charging time was 0 to 8. Most of the cells took place liquid leak, and the normal discharge of the cells 



29 



35 



40 



45 



SO 



55 



EP0860 889A1 

could not be done. 
[Example 21] 



10 



15 



SO 



25 



in JTr^^ ?l he , 2 ' 5 inCh ,iquid CTystal disp,a y *** m is shown in Rg- 16. The secondary battery was arranaed 

S ^ PUt " the V ° ,Ume ° f the of « cm ' *e length of gSTrSThe^STei 

STp ^^TS y 7 I seco " dar y ^enes was 20 Wh. The charging time was 30 minutes at 40 W. 

cha^ng IKL?^ * * ***** * ^ 20 ^ ^ ratio of * e lo <^ «™*n to the 



[Example 22] 



in eXafT I? ,e ^ f 5 inCh ' iquid 00,8131 diSplay s^e™ ^ shown in Fig. 16. The secondary batteries was arranaed 
HHT^ » " qUid ^ diSP ' ay P 3 " 6 '- 1,16 VO,Ume <* the set of the secondary te^rf^^S 
SSSi T S rr dary 5attery *~ ^ in ,he vo,ume °f a width of 3.3 cm. a lengih of 6.5 cm and a^cknest 

T^ e VEST* 7 ?• 5eC0ndary batteries — 15 Wh - 7,16 char 9 e «me was 30 minutes at 30^f 
chargTng te waS ^ ° f 81 "* ^ WaS 10 ^ 1116 ratio of •» ,on 9^ operation time to the 



[Example 23] 



charging S was?o **** * th,S t,me W3S 10 houw - The ratio of *• operation time to the 

30 [Example 24] 

in thrreaTSoflfe nn ■ 5 J nCh 'SU "P" diSP ' ay SySt6m is Shown in Fi 9" 16 - ^ secondary battery was arranged 

^Tf^n^tSSSX^ PaneL - ^ v °' ume * the set of me secondary batteries * 1 ° is 

oJrm^K?" ^ J 6COndary batter y was Put « the volume of a width 4.5 cm, a length of 9 cm and a thickness of 
^. the , seC ° ndary batteries was 5 ^ The charging time was 30 minutes at 10 W 

cha S!i ISStSST *" diSP ' ay 3t tWS WS 10 h ° UrS " ^ rati0 of * e lonaest °P eration « me to 
[Example 25] 

battel mW T m8 ? fUnCti ° n ° f " 0te PerSOnal C ° mpUter iS shown in ^'9- 18. As a secondary 

KtoJSS^r^«T S 2 ,ne by USin9 the secondarv of the cell of examples 1 - 1 8. The cell showed 

We longest operation time of 10 to 50 hours with respect to a 30 minute charge. 

Sne^sTo P ° rtable ,e,ePh ° ne 8150 PHS " ^ reC6iVin9 «hat is the longest operation 

[Example 26] 

the JTiam^ a lo ba ?l rieS * 1 " 18 were to an electric vehide. The body weight was 1^ 

lt^ 

The minimum tome necessary for the movement from the stopped point to 400 m was 10 to 18 seconds. - - - 
[Example 27] 

of IhTel^^TT^^^ 1 * 18 W6re aPPUed toa e,ectric P~ unit used for the motor driving 
^tS^,?i?S2^ SyStem ° f the ■" cWc VehiC,e usin ° one * ^ hybrid eiectric power 

unrt is shown in Fig. 19. The hybnd power source is connected with the control part through the output terminate 
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electric power supplied from the hybrid power source is converted into the three-phase alternating current through a 
bridge circuit. 

The rotation axis of the brush loess DC motor is connected to the driving mechanism of the electric vehicle and is 
connected to the that is the rotor position transducer. 
5 The resolver circuit inputs the resolver signal and outputs the signal that represents the excitation place to the elec- 

tric current ripple controlling circuit. The signal from the voltage detector is input into the main computer as well as the 
signal, etc. from the velocity sensor. These signals are supplied to the electric current ripple controlling circuit. The elec- 
tric current ripple controlling circuit outputs the pulse width modulation signals to the base drive circuit. 

The base drive circuit drives the bridge circuit in response to the pulse width modulation signal. An example of the 
10 hybrid power source is shown in Fig. 20. The secondary batteries of examples 1 - 18 were used as a secondary battery 
electric power resource that supplies the electric power to the control unit. As a fuel cell, cells such as the phosphoric 
acid type, the methanol type, the molten carbonate type or the macromolecule solid electrolyte type can be used. 

The fuel cell is connected to the secondary battery in parallel through the diode for contraflow prevention. Accord- 
ing to the travel motion condition of the electric vehicle, the electric power can be supplied selectively from the fuel cell 
is or the secondary battery to the control unit. 

The body weight was 1000 kg, the weight of the mounted secondary batteries was 100 kg, and the weight of the 
fuel cell was 100 kg. The charging time was 30 minutes. The running distance at driving speed of 40 km/h was 300 - 
550 km. 

20 Industrial Applicability 

The large energy capacity of the secondary cell use system was achieved by the present invention, and the rapid 
charging property and the rapid discharge property were greatly improved. 

25 Claims 

1. A system using secondary cell comprising at least one of a heat source, motor, controlling circuit, driving circuit. 
LSI. IC and display element each having a capacity of 0.5 to 50 kWh and secondary cells, wherein at least one of 
the secondary cells has a discharge time for at least 1 5 minutes at a discharge of 580 W/l or more. 

30 

2. A system using secondary cell comprising at least one of a heat source, motor, controlling circuit, driving circuit, 
LSI, IC and display element each having a capacity of 0.5 to 50 kWh and secondary cells, wherein at least one of 
the secondary cells has ability of a discharge of 200 W/l or more at a charge of 300 W/l or more and at a discharge 
capacity of 90 % or more. 

35 

3. A system using secondary cell comprising at least one of a heat source, motor, controlling circuit, driving circuit. 
LSI, IC and display element each having a capacity of 0.5 to 50 kWh and secondary cells, wherein the ratio of the 
longest operation time of the system against the charge time is 10 or more, preferably 40 to 200. 

40 4. The system using secondary cell according to any one of claims 1 to 3, further comprising at least one of a liquid 
crystal display, multiple-layered wiring board, PCMCIA card (PC card), voice card, modem, portable telephone. 
FAX and ICfor battery. 

5. A system using secondary cell for use in a liquid crystal display device, comprising a liquid crystal display panel, a 
45 circumference circuit for driving the panel, a display interlace circuit and a memory storage, wherein the secondary 
cells are possible to make a rapid charge of one hour or less, preferably 30 minutes or less, and to make the longest 
continuous operation of 10 hours or more, preferably 40 hours or more. 

€. In a liquid crystal display system which uses the system using secondary cell of claim 5, wherein the secondary 
so cells have the capacity of 2 Wh or more per 1 inch of the length liquid crystal display panel, which further comprises 

at least one of a battery charger, charge control equipment, charge controlling circuit and management system. 

7. In the liquid crystal display system according to claim 6, wherein the liquid crystal display system has the volume 
of a length of o.85 to 1 .2 to the width of the screen of the liquid crystal display panel, a length of 1 .0 to 1 .8 to the 

55 length of the screen of the liquid crystal display panel and a thickness of 3 to 20 mm. and the secondary batteries 
are provided in this volume. 

8. In the liquid crystal display system according to claim 6, wherein the liquid crystal display system is provided with 
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secondary batteries composed of the set cells of 6 parallels or less and 2 series or less. 
9. A liquid crystal display system comprises the lithium secondary batteries which are lithium secondary batteries. 

1 \?e 6 niX^ 

10 

u cara;. voice card, modem and IC for battery is integrated with the secondary batteries. 

• 13 ' ^"e^erX the °- ch ^ secondary battery, overdis- 

in the systtm ^ 9 dlSchar 9' n 9 controllin 9 circuit, wherein they are integrated with the circuit 

14 ' XTat^TTZn^V^T^ ^ \ P ° rtab,e 3 Penc °^- * Potable 

20 claims 5 to 11. * xeie P none us,n 9 the liquid crystal display system of any one of 

and „e ^^"X^S SiCST ^ ""' " " 
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FIG. 1(a) 
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FIG. Kb) 
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FIG. 1(d) 
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FIG. 2(a) 
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FIG. 2(b) 
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FIG. 2(d) 




40 

BNSDOCIO: <EP 0860889A1_I_> 



EP0860 889A1 
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FIG. Ufa) 
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FIG. Wb) 
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FIG. Md) 
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FIG. 5(a) 
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FIG 5(b) 
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FIG. 5(c) 
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FIG. 5(d) 
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FIG. 6(a) 
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FIG. 6(e) 
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FIG. 9 
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FIG. 10 



0.2 
100 ■ ^ 



80 



R 60 



oc 



40 



20 



40 



60 



• # ? • o a 



3CmA 
DISCHARGE 



3CmA 
CHARGE 



20 



40 



60 



RATIO OF PORE VOLUME TO 
GRAIN VOLUME (%) 



BNSOOCID: <EP 0860889A 1 J_> 



58 



EP 0 860 889 A1 



FIG. 11 
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FIG 12 
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FIG. 16 
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FIG 17 
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FIG. 20 
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